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Introduction
Developing countries are experiencing unprecedented levels of economic growth. As a result they will be responsible for most of the future growth in energy demand and greenhouse gas (GHG) emissions (IEA, 2012) . The largest fast-growing countries, such as Brazil, China and India, will cover most of this growth.
Curbing GHG emissions in developing countries has therefore become one of the cornerstones of a future international climate change agreement under the United Nations Framework Convention for Climate Change (UNFCCC). However, setting caps for developing countries' GHG emissions is facing strong resistance in the current round of negotiations. Continued economic growth that allows poverty eradication is still the main priority of most developing countries, and caps are perceived as a constraint to future growth prospects. The development, transfer and use of low-carbon technologies have more positive connotations. Technology could guide the path towards achieving sustained growth without compromising the climate.
Since its inception, the UNFCCC has recognised the importance of technology transfer (TT) in achieving the stabilisation of global emissions. Unfortunately, so far the success of the UNFCCC process in promoting TT has been limited because the mechanisms it has created have either failed to materialise in actual TT or have led to progress on a project-by-project basis that has been unable to scale-up to the level required. Additionally, TTs are inherently difficult to define and measure (IPCC, 2000) , which makes it difficult to assess the extent of the transfers and their effectiveness in achieving actual emissions reductions and contributing to the technological development of recipient countries. As a result, firms and developing country policymakers often complain about the long distance between the bureaucratic UNFCCC processes and their actual and urgent needs. Pueyo et al. (2012b) identify three main gaps of the UNFCCC approach to climate change TT: its detachment from the national enabling frameworks that encourage private investment in developing countries; its non-differentiated approach per (developing) country and technology characteristics; and the unavailability of clear measurements of the volume and effectiveness of TT.
This paper aims at informing an improved UNFCCC approach to TT to developing countries that takes into account their different needs according to their performance in a number of enabling factors. This approach can facilitate an international agreement through the proposal of appropriate and acceptable policies for the different countries involved in the negotiations. It is a significant contribution to the existing literature, as it uses for the first time quantitative empirical evidence for a large number of developing countries to inform differentiated technology policy priorities. This contribution is very relevant in the framework of the current efforts of the UNFCCC to design a Technology Mechanism, which was agreed as part of the Cancun agreements resulting from the 16th Conference of the Parties (COP-15) in 2010 and developed further in the recent COP-17 held in 2011 in Durban. Indeed, one of the authors has already informed the TEC on this topic.
The paper focuses particularly in renewable energy technologies and is structured in the following way. Firstly it presents the method used to measure renewable energy TT to developing countries and its enabling frameworks. The measurement of TT flows is required to analyse their relationship with enabling factors. Secondly, it presents the three multivariate analysis techniques that will be used: multiple regression, principal components and cluster analysis. Third, it presents the results of the analysis, showing the relationship between measurements of renewable energy TT and enabling factors at the national level, through multiple regression analysis; the interrelationships between the different indicators of enabling factors for TT, through principal components analysis; and the groups of developing countries that can be defined according to their performance in these indicators, through cluster analysis. The paper concludes by discussing the differentiated performance of developing countries as regards their enabling frameworks for TT and suggesting the relevant policy priorities that can be defined for groups of developing countries with similar performances.
Measuring renewable energy technology transfer and its enabling factors

Measuring technology transfer
The term "technology transfer" has been defined and measured in many different ways and by a wide range of disciplines. This paper is concerned with the "horizontal" or international perspective of technology transfer that enables developing countries to acquire, adapt, deploy and diffuse renewable energy technologies from overseas and further innovate as a result of the capabilities acquired through the technology transfer process.
Early research provided a narrow definition of technology as scientific and engineering knowledge and blueprints or their manifestation in artefacts. The transfer of this codified knowledge or its manufactured materialisation then constituted technology transfer. The concept has evolved and now technology is defined in broader terms as encompassing the corporate capacity to operationalise and use this knowledge effectively in production (Cantwell, 2009) . Technology in this broader sense has two components: the potentially public element of technology, encompassing codifiable items as presented in scientific publications and engineering blueprints and designs, and the tacit element of technology that refers to firm-specific competence in production. Tacit corporate technological capabilities cannot be transferred through market-like exchanges and must instead be internally learned, with or without external assistance (Cantwell, 2009) . There is therefore a clear difference between technology trade and real technology transfer, as the former is merely the import of equipment or the execution of projects on a turnkey basis, while the latter involves mastering the imported know-how of core technologies and the development and generation of technologies utilising scientific and technological capacities (Cohen, 2004) .
Several authors have distinguished three different flows of transferred technological content, from lower to higher impact on the technological capabilities of the recipient (Bell, 1987; Wei, 1995; Ockwell et al., 2008) . The first flow encompasses capital goods and equipment; increases the production capacity of the recipient but on its own does not enable the recipient to use the imported facilities efficiently or to generate technological change. The second flow includes skills and know-how for operating and maintaining equipment. It places the human resources of the importer at the technological level required to operate the imported technology efficiently, but without indigenous efforts beyond learning how to use the technology it would not enable technological change. The third flow encompasses knowledge and expertise for generating and managing technological change. It creates new technological capacity through TT and active independent learning, creation and innovation of the recipient.
Given the tacit nature of technology in its broader sense, measuring technology transfers is inherently difficult because technology has no measurable physical presence or a welldefined price (IPCC, 2000) . Rather, it is embodied in products, intermediate inputs and
processes (World Bank, 2008 Unfortunately, compiling data for all developing countries for input, output or effect indicators is a daunting task. Indeed, there are no public data for most of the indicators mentioned above for developing countries and related to renewable energy technologies in particular.
The lack of comprehensive data on the different aspects of TT confine quantitative research on TT to the study of measurable flows. In the field of climate change, the Intergovernmental Panel of Climate Change (IPCC, 2000) recommends the use, with caution, of several types of international financial flows as indicators of both levels of international TT and how these levels change over time. Empirical studies about the international distribution of the benefits from innovation have also identified trade and FDI as the main mechanisms via which technologies diffuse internationally (Keller, 2004) . But even data on low-carbon financial flows is patchy when including developing countries. In this paper we use three different indicators of renewable energy technology transfer. One of the indicators reflects inputs of foreign technologies and the other two reflect the outputs of the technology transfer process.
The first indicator refers to imports of some renewable energy technologies, extracted through the Commodity Trade Statistics Database of the United Nations (COMTRADE   1   ) . COMTRADE contains data on the annual import and export values of different types of commodities for 139 countries, categorised according to the Commodity Description and Coding System (HS1996). In order to find data on imports of clean energy technologies we selected a total of seven products, as presented in Table 1 . They do not represent the whole range of clean energy technologies, because it is difficult to separate general energy from renewable energy-related technologies from other COMTRADE commodity codes. Only 79 countries present available data for these categories of commodities. Name and description of commodity 841011 Name: Hydraulic turbines, water wheels, power < 1000 kW Description: Hydraulic turbines and water wheels :--Of a power not exceeding 1,000 kW 841012 Name: Hydraulic turbines, water wheels, power 1000-10000 kW Description: Hydraulic turbines and water wheels :--Of a power exceeding 1,000 kW but not exceeding 10,000 kW 841013 Name: Hydraulic turbines, water wheels, power > 10000 kW Description: Hydraulic turbines and water wheels :--Of a power exceeding 10,000 kW 841090 Name: Parts of hydraulic turbines and water wheels The majority of technologies included are related to hydropower. The distinction was made between imports of all the commodities above and imports excluding hydro systems, but both variables were highly correlated. Therefore, it was decided to keep only the variable defined as imports of clean energy technologies for all the above categories.
The second indicator refers to exports of renewable energy technologies. This indicator has been selected to represent the production of internationally competitive low-carbon technologies by developing countries, as specific production data for low-carbon technology does not exist in most developing countries. Exports data was sourced from the COMTRADE database for the same categories as for imports.
A third indicator of technology transfer inputs is the renewable generation capacity of a country, adjusted by the expected occurrence of technology transfer. Data on installed renewable generation capacity are available in the US Energy Information Database for a significant number of developing countries. However, it is not possible to discern which share of renewable energy generation capacity and production has required foreign technology transfer. Information of technology transfer for renewable electricity generation projects is available for CDM projects because as part of a UNFCCC-sponsored study on technology transfer in the CDM (Seres et al., 2010) , a database was created indicating for every CDM project whether it claims foreign technology transfer or not. The database includes a total of 4,984 emission reduction projects, among which are 3,141 renewable energy-related projects, starting the CDM registration process between December 2003 and June 2010. There is a high correlation between the renewable energy generation capacity of a country (RECAP), the number of renewable energy CDM projects it hosts (CDMRE) and the estimated emissions reductions of these CDM projects (CDMRECO2). Table 2 shows the linear correlations between these variables. Emissions data on CDM projects take into account the size of the projects, as emission reductions depend on the amount of electricity produced. The percentages of TT claims obtained from CDM projects will be used to adjust the renewable energy capacity (RECAP) figures to reflect only the capacity estimated to have required technology transfer. For all the countries for which information is not available, the mean of TT claims in RE CDM projects, at 92%, will be used to adjust the figures for installed capacity. Countries for which no data are available for CDM TT claims include one BRIC country, Russia, and other emerging economies like Turkey, as well as least developed countries like Congo or Uganda. For this reason, the mean of 92% is considered more appropriate than the median, 100%, for estimating the expected needs of TT.
The three selected indicators, presented in Table 3 , are expressed in per capita values to avoid the scale effect 3 when analysing their relationship with enabling factors, and are all transformed with logarithms to ensure a normal distribution of the observations. The three selected indicators present some limitations worth highlighting. Due to data availability, only imports of some renewable energy technologies could be included as inputs into the process. There are many other channels through which foreign technologies can flow such as foreign direct investment, licensing, collaborative R&D or subcontracting. As regards outputs, exports and installed capacity are imperfect indicators because they are only proxies of the production of internationally competitive clean energy technologies and their use for electricity generation. As such, they cannot reflect many other outputs of the TT process. Also, it is difficult to estimate the importance of technology transfer in the final outputs measured as exports or renewable energy capacity. Besides, there are not widely available data on the effects of the TT such as technology cost reductions, improvements in productivity or innovation capacity, or emissions reductions in developing countries. A complete measurement of the TT process is therefore not possible due to lack of data. In any case, we believe that the proposed indicators still serve well the purpose of the paper, which is to map the performance of different developing countries in three particular measurements of technology transfer and to analyse the impacts of different enabling factors for TT in the performance of developing countries.
Enabling factors of technology transfer
Enabling factors were identified through an extensive literature review and the analysis of 10 case studies of renewable energy technology transfer processes (Pueyo, forthcoming) . Enabling factors were classified in four categories:
• Economic and institutional: They can lower the transaction costs of TT channels such as imports, foreign direct investment or hiring foreign staff, enabling the flow of foreign technologies into the recipient country.
• Technology demand: They create a market for the transferred technology.
• Technology supply: They refer to the available stock of knowledge and infrastructures in the recipient country. They enable foreign technologies to be used efficiently and absorbed locally.
• Industry development: They facilitate knowledge spillovers through backward and forward links with local companies and enable a country to develop its own technologies.
A long list of up to 50 indicators of enabling factors was reduced to a more manageable short list, taking the following criteria into consideration: data availability, number of valid cases and correlations among variables of the same type. When variables were highly correlated (Pearson correlation r of 0.9 and above) only one of the variables would be selected. Table 4 summarises the enabling factors that are used for our analysis, showing as well the aspect of technology transfer they are expected to influence (inputs, outputs or effects), our proposed indicators for their measurement and source. The definition and descriptive statistics of the variables are presented as part of the Annex. 
Methodology
This research aims at grouping developing countries according to their performance in the enabling factors for the transfer of renewable energy technology transfer. After identifying and retrieving data on enabling factors and technology transfer, three multivariate analysis techniques were used: multiple regression analysis, cluster analysis and principal components analysis (PCA).
Regression analysis is used to study the relationship between technology transfer and enabling factors. The explained variables and relevant explanatory variables are expressed in per capita values to avoid the scale effect. An OLS regression is performed using a crosssectional dataset, with observations taken at a specific moment in time (2009 for dependent variables IMP and EXP, and 2008 for dependent variable RECAP) related to developing countries. Enabling factors deemed significant and important by the regression analysis are subsequently used to group developing countries using cluster analysis.
Cluster analysis is a useful technique for classifying developing countries according to their similar performance in the enabling factors identified by the regression analysis. Using different clustering methods leads to different clustering results. To test the robustness of results, we use two methods: the Wards agglomerative hierarchical method and the k-means non-hierarchical method. These methods have been previously used in the climate change field to classify developing countries according to their attractiveness for CDM projects (Jung, 2006) and to analyse the similarities among a group of global climate change policy proposals (Gainza et al., 2010) .
Principal Components Analysis is used to complement and to increase the robustness of the results obtained through cluster analysis. The aim of principal components analysis (PCA) is to describe the variation in a set of correlated variables (in our case, the indicators of enabling factors for TT) in terms of a new reduced set of uncorrelated variables, which are called 'principal components' (PCs). Each principal component is a linear combination of the original variable, and the most informative is the first. PCA is useful in our case because the large number of indicators of enabling frameworks prevents a straightforward interpretation of developing country performances, which is solved by summarising the information conveyed by more than 20 indicators into just two or three results.
Relationship between enabling factors and renewable energy TT
The regression analysis shows the relationship between enabling factors and indicators of clean energy technology transfer. Tabulated model results are included in the Annex.
The best fitted model for the variable on imports of renewable energy technologies per capita (IMP) is defined by the following equation:
IMP = -1.108 + 0.668GDPpc+ CRED 0.688
Imports of clean energy technologies per capita can be explained by two single variables, which capture 60% of the variation of the dependent variable. Firstly, a high income per capita leads to higher imports of clean energy technologies, which may correspond to the Kuznets hypothesis of higher demand for environmental quality as income per capita increases. Secondly, the availability of credit for the private sector is also essential in achieving high levels of clean energy imports, which points to the importance of the private sector as a provider and consumer of clean energy technology. Four variables were found to explain around 70% of the variation of the exports of renewable energy technologies by developing countries, namely the exporter´s endowment of renewable energy resources, the level of protection of IPR, the competitive industrial performance and the size of its economy. The results indicate that countries with a favourable renewable energy endowment may have developed a competitive advantage in the production of technologies to exploit that potential at a low cost. The possibility of demonstrating local technologies in their own territory at a low cost improves the possibilities of learning by doing and scale effects benefitting further cost reductions.
The high protection of IPR provides the right signals to local and foreign innovators to invest in new technologies that may not deliver profits at the earlier stages of development. The IPR index has a value between 8.5 for the best performers in the world (Finland and Sweden), or 7.3 for the best performer in our sample (South Africa), and 2.3 for the worst performers in our sample (Georgia and Moldova).
High industry competitiveness indicates that the exporter has in place an industrial infrastructure capable of producing new equipment and creating synergies across several industrial sectors. The high value of the coefficient indicates the importance of industry competitiveness to become a manufacturer of renewable energy technologies. An increase of 10% in the competitive industrial performance score increases by 173% the exports of hydro, wind and solar technologies per capita, all other factors remaining equal. A 10% increase in the CIP value would be equivalent to the improvement from the situation of Ethiopia (0.04) to that of Kenya (0.14), from Kenya to Morocco (0.242), from Morocco to Poland (0.33) or Mexico (0.379), and from these to Malaysia. Finally, the size of the economy indicates a local demand allowing for local demonstration and mass production to achieve cost reductions through learning-by-doing and scale effects. All the coefficients are significant at the 0.05 level, and all except IPR at the 0.01 level. Five variables could explain 40% of the variation in renewable electricity generation capacity per capita involving TT in developing countries, adjusted per the percentage of capacity expected to have required foreign technology transfer. Firstly, income per capita, which, as in the case of imports, may indicate a higher demand for environmental quality in higher income countries. The renewable energy endowment of the host country is also significant, indicating that countries that have access to these resources at a lower cost are more likely to take advantage of their potential. IPR protection has a negative coefficient, which shows that high protection may deter the uptake of foreign clean renewable energy technologies (contrary to what we observed for exports, see later). A good logistical infrastructure also explains higher levels of renewable energy capacity, given the need to transport often large and heavy equipment to remote locations where the renewable energy resources reside. The logistics performance index can take values from 1 to 5. An increase by 1 point would be equivalent to moving from the situation of low performer Sierra Leone (1.97) to that of Vietnam (2.96), or from Vietnam to Japan (3.96). Finally, the production of fossil fuels per capita in the host countries has a negative coefficient, indicating that the availability of cheap fossil fuels can leave out of the market the often more expensive alternative renewable energies. All the coefficients are significant at the 0.05 level and all except LOG and FOSSILPC are significant at the 0.01 level.
The results show that different independent variables influence different aspects of renewable energy technology transfer. An interesting point about the results for outputrelated variables RECAP and EXP is the different sign of the IPR variable, depending on whether it is used to explain exports of renewable energy technologies or installed renewable 5 idem electricity capacity. IPR protection has positive sign for countries that have reached the stage of producing their own renewable energy technologies and sell them internationally. However, it has a negative effect on those countries that need to gain access to foreign renewable energy technologies to increase their electricity generation capacity.
It is also worth noting that no policy-related variables could be introduced into the models, mainly because data are not available for most developing countries about the levels of public R&D spending in clean energy technologies or other policies in place to promote them. The only available variable, namely the existence of feed-in-tariffs or guaranteed price schemes, obtained through IEA policies and measures database 6 , did not prove to be significant in explaining exports, imports or the capacity of clean energy generation technologies. This is probably because the dummy variable created to account for policies cannot reflect the variety of schemes implemented in different developing countries. A certain part of the variation of the dependent variables that could not be explained by our explanatory variables may be explained by specific policies available in developing countries. A qualitative country-by-country analysis (as the one shown in Pueyo, 2012b) would therefore be required to understand fully the differences in performance between the countries in the sample.
Clustering based on the performance in enabling factors
Both hierarchical (Wards) and non-hierarchical (k-means) methods have been used to derive clusters from a sample of 51 developing countries, taking as differentiating variables the eight enabling factors deemed important and significant as part of the regression analysis. As the data used in the analysis are measured on different scales, they are standardised using z-scores. Clustering techniques are particularly sensitive to outliers. These can be identified by running the k-means method for all the cases and classifying as outliers those observations that are placed in a single-case cluster. In our sample, outliers disappear when we transform with logarithms the variables GDP, GDPpc, REACpc and FOSSILpc.
The hierarchical Ward´s method was used to derive the first cluster formation. The squared Euclidean distance was used as the dissimilarity measure. To determine the optimum number of clusters, we observed the agglomeration coefficients showing the Euclidean distance between the clusters or cases aggregated, starting from stage 0, with one cluster per every country, and finishing with stage 51, clustering all countries in a single group. As shown in Figure 2 .1, the distance is higher as we progress through stages. After four clusters, there are less pronounced leaps in the distances between clusters, which indicates that they are less clearly differentiated. We will therefore take four clusters as the optimal number, which also fits well with the need to keep the number of clusters within a manageable level.
Figure 3.1 Agglomeration Coefficients
A one-way analysis of variance (ANOVA) was performed to identify the variables that are significant to differentiate between the groups. The between groups means were all found to be significant except in the case of the access to renewable energies REACCPClog. This indicates that access to renewable energies cannot reliably distinguish between the four clusters, but each of the remaining seven variables can clearly differentiate the groups. Besides, a Tukey post-hoc test was performed to show similarities and dissimilarities between the scores of the differentiating variables across clusters.
The means plot illustrates the differences in performance of the four clusters in each of the variables, excluding REACCpclog, which has been shown as not significant to differentiate between clusters. The k-means cluster method requires the previous selection of the number of clusters. Four clusters were selected, as with the hierarchical method. In this case, the ANOVA showed that all variables were significant to differentiate between clusters, including REACCpc, deemed as not significant in the hierarchical analysis. The post-hoc Tukey analysis was also undertaken to analyse similarities and dissimilarities between clusters for each variable.
The means plot illustrates the performance of each cluster in each of the variables. • Madagascar is an underperformer in GDP, GDPpc, CRED, and FOSSILpc.
• 
• Costa Rica is an over performer in GDPpc and CIP, but underperforms in FOSSILpc
• Jordan outperforms the cluster in CRED, IPR and CIP, but underperforms in GDP
• Tunisia outperforms the group in IPR and CIP
• El Salvador is an underperformer in GDP, CRED, REACCpc and FOSSILpc, but outperforms in CIP
• Honduras underperforms in GDP, GDPpc, CIP and FOSSILpc, but over performs in CRED
• Jamaica underperforms in GDP, LOG, REACCpc and FOSSILpc but over performs in IPR
• Syria underperforms in GDPpc, CRED and CIP but outperforms in FOSSILpc
The cluster structures obtained with hierarchical and non-hierarchical methods are different in some respects and show that some countries tend to remain together in the same clusters, while others show a higher mobility. Using both methods provides a more robust analysis. In both cases, there is a differentiated group of worse performers (Cluster 3 in both cases), with 20 members in hierarchical (Ward's) clustering and 18 members in non-hierarchical (kmeans) clustering. Unstable members of cluster 3 of worst performers are Guatemala, Honduras Nigeria and Vietnam, which belong to Cluster 3 in the hierarchical method but are placed among 'second-worst' performing cluster 4 in the k-means method. Also Algeria and Bolivia, which belong to Cluster 3 in k-means but are placed in Cluster 1 by the hierarchical method, including oil-rich and relatively large countries with low performance in other indicators.
Both methods also show groups of best performers. In the hierarchical method, these are placed in Cluster 2, with 12 members outperforming the other clusters in all variables. In the k-means method, there are two groups of best performers with different characteristics. Kmeans Cluster 2, with 10 members, shows a better performance in GDP, CRED, IPR, CIP and LOG. K-means Cluster 1, with only 4 members show a better performance in GDPpclog and in variables related to availability of resources FOSSILpc and REACCpc.
Cluster 1 in the hierarchical method, with 10 members, includes relatively large economies with high production of fossil fuels per capita, but bad performance in all the other enabling factors.
Finally, Cluster 4 in the hierarchical method, with 10 members, includes relatively small economies with good performance (but lower than Cluster 2) in all enabling factors for technology transfer and low production of fossil fuels per capita. K-means Cluster 4, with 20 members, includes relatively small economies, with low access to renewable energy and fossil fuel sources per capita, but better performance than Cluster 3 in all enabling factors and better than Cluster 1 in CREDlog and CIP.
Checking the robustness of the clusters with PCA
Principal components analysis (PCA) is used in parallel to cluster analysis to contribute to a better definition of the groups of developing countries according to their TT policy needs. The advantage of PCA as compared to cluster analysis is that it can summarise the information of a wider number of enabling factors to map developing countries' performance.
Only those variables with a high correlation with the rest of variables and a small number of missing values for the countries in the sample were selected for PCA, resulting in a sample of 61 countries and 14 variables of enabling frameworks for TT highly correlated between each other. All variables were standardised to get variables with 0 mean and 1 standard deviation, since they were collected from different sources and endowed with varying scales, units and ranges.
The results of the analysis showed that three principal components could explain 72% of the variance of the 14 variables. The Scree plot confirmed the selection of three principal components for further analysis, as after the third component the curve of eigenvalues tended to flatten.
The Component Matrix shows the 'load factors' or correlations of each of the initial variables with the three components. Only correlations above 0.3 are considered significant. Those below are shaded in grey in the component matrix. Most of the items load quite strongly (above 0.4) on the first component, which therefore represents a combination of all the identified variables that can have an impact on clean energy technology transfer. The number of variables with strong loading is reduced to three in the last component. The load factors of the different variables provide a straightforward interpretation of the principal components obtained:
• The first principal component is higher, per order of importance, for countries with a large number of high quality private businesses, high levels of CO2 emissions per capita, high levels of income per capita, a good logistics system, a large economy, credit availability for the private sector, ease of doing business, a large stock of patents filed by local inventors per capita, large fossil fuel resources per capita, a large stock of foreign patents, low corruption, low income taxes, low diesel prices and low tariffs. Countries with a high value for the first PC are therefore expected to be particularly well suited to receive large amounts of technology transfer in general.
• The second principal component is high, per order of importance, for countries with a large stock of foreign patents per capita, high levels of corruption, large economies, high tariffs, large fossil fuel resources per capita, where it is difficult to do business, income taxes are high, there is a large stock of local patents and it is difficult to get credit for the private sector. Countries with a high value for the second PC would be expected to face some barriers to achieving large levels of TT and would require reforms to reduce their level of corruption and improve their environment for foreign investment. Besides, the large fossil fuel resources per capita may render alternative energies uncompetitive in the absence of supportive demand-pull policies.
• The third principal component is higher, per order of importance, for countries with high fossil fuel prices, high taxes on workers' income, low fossil fuel resources per capita, low corruption, a large stock of foreign patents per capita, a functioning logistics system, access to credit and low CO2 emissions per capita. These countries are expected to have a significant demand for clean energy technologies, given the high prices of fossil fuels, as well as a favourable business environment. They are countries that show favourable conditions to receive significant levels of TT.
Countries with high performance in PC 1 and 3 would be considered as the most likely to benefit from foreign clean energy technology transfer, in per capita values. This is because high scores in PC1 show good enabling conditions for TT in general, whereas high scores in PC3 show good enabling conditions for renewable energy TT in particular, as it rates higher for countries with low production of fossil fuels and high fossil fuel prices..
The top and bottom performers in each of the principal components are presented in Table  3 .3. The results of the PCA are compared with those of the cluster analysis to inform a decision about the best cluster structure. We analyse in particular how cluster structures relate to country performance in the first and third principal components. 
Grouping developing countries to derive renewable energy technology transfer policy priorities
Finally, we combine all the information presented above to create more homogeneous groups as regards the definition of TT policies. A certain level of judgement is required from the researcher as each of the methods provides slightly different results. Four main groups of host countries for renewable energy technology transfer have been defined. These four differentiated groups are presented in Figure 2 .6. Those countries that are not clearly attributable to one cluster, but are placed between two of them, are identified with a different colour in their relevant clusters. 
Peru ( Firstly, the group of potential technology developers includes countries which are capable of succeeding in the three elements of TT, defined in Section 2. i.e. attracting foreign flows of technologies, efficiently operating and maintaining foreign equipment and generating and managing technological change through indigenous efforts to absorb foreign technologies. Countries in this group are characterised by large economies, with relatively high income per capita, high availability of credit for the private sector, high IPR protection, good industrial competitiveness and a well-functioning logistical infrastructure. The cluster includes mostly upper-middle income countries but also lower-middle income China and India and lowincome Thailand, which shows an excellent industrial competitiveness and credit availability for the private sector. Among members of this cluster, Argentina clearly under-performs in terms of credit for the private sector and IPR protection, and it is placed in between the group of technology developers and that of countries in need of structural changes. Chile underperforms in the size of its economy and its industrial competitiveness, and is placed between this group and the 'technology implementers' group.
Secondly, clean technology implementers have relatively small economies but high levels of income per capita, good levels of credit availability for the private sector, IPR protection and a good environment for private investment. However, their industrial competitiveness and logistical infrastructure are still far from the levels of the group of technology developers. These countries usually show very low levels of fossil fuel production per capita, which would reflect in high fossil fuel prices, creating the necessary demand-pull signals for investments in clean energy technologies. The group includes mostly upper-middle income countries in Africa, Latin America and the Middle East, but also lower-middle income Latin American and Middle Eastern countries. It may also include Vietnam, a low income country but with better performance in several enabling factors and TT indicators than low income countries in the group requiring foreign aid. Chile´s performance exceeds other cluster members for all differentiating variables except industrial competitiveness, which is why it is placed in between the group of technology developers and technology implementers. This cluster is not expected to develop high-tech clean energy technologies, as it lacks sufficient internal demand that allows scale effects and learning-by-doing and lacks a competitive industrial sector. However, it is expected to attract significant levels of foreign TT per capita, as a result of its relative wealth, its need for energy security and, in many instances, good renewable energy endowment. This is already shown in their current levels of clean energy technologies imports.
Third, there is a group of countries requiring structural changes to improve their business environment and create clear demand signals favouring clean energy technologies over widely locally available fossil fuels. This group includes relatively large economies with high levels of fossil fuels production per capita, good levels of income per capita, but low industrial competitiveness, credit availability for the private sector and, in most cases, low IPR protection, low logistical performance and an unfavourable environment for private investment. They are mostly high income or upper-middle income countries, although they also include lower-middle income countries such as Ecuador, Egypt, Iran and Indonesia. Although many of these countries have economies large enough and good levels of income per capita to attract foreign investment, they are not be expected to attract large amounts of foreign clean energy technologies per capita, due to the lack of clear demand signs. As large fossil fuel providers, fossil fuel prices are low in comparison to other countries. This renders renewable energies uncompetitive. Besides, there is not an incentive to promote clean energy for energy security and geopolitical reasons. Additionally, their economies do not provide a good environment for private investment, showing high levels of corruption and low ease of doing business. Russia outperforms the rest of the cluster members in terms of total and per capita income, credit availability and IPR protection. As a result, it also outperforms other cluster members in terms of imports and exports of clean technologies per capita.
Finally, the group denominated 'aid recipients' includes countries needing foreign aid to create the building blocks for successful TT. This group is formed from mostly low income and lower-middle income countries from Africa, as well as low and lower-middle income countries from Asia and Latin America. Their poor performance in most of the enabling factors for clean energy TT indicates very low attractiveness for foreign technology suppliers. These countries lack a sufficient demand and the economic and institutional frameworks that attract private investment to clean energy technologies, as well as the technological capabilities to implement foreign technologies and the industrial fabric to develop their own technologies. Vietnam is an outlier in this cluster, and could also belong to the 'technology implementers' cluster. Vietnam shows good performance in terms of economy size, credit availability for the private sector, industrial competitiveness and logistic infrastructure, and it also outperforms its peers in terms of imports and exports per capita of clean technologies.
Of course, the composition of the different groups is subject to changes as their performance evolves and they implement policies to improve their main pitfalls. Therefore, this exercise should be included in a dynamic framework.
Policy recommendations
Based on the classification of countries according to their enabling factors for renewable energy TT, we can now provide different combinations of policies that can be implemented to strengthen their receptiveness for renewable energy technology transfer.
Our policy recommendations are classified in four main groups that reflect our four types of enabling factors: improving economic and institutional frameworks, demand-pull policies, technology-push policies and industrial policy. The delimitation of policies for technology development and deployment to fit these groups is far from clear but it provides us with a useful framework for analysis. We acknowledge the insights of innovation studies literature that stress the importance of active learning processes, indigenous capabilities and the links between the different actors of a National Innovation System for the direction and relative success of technology transfer activities (Freeman and Soete, 1997; Freeman, 2002; Watson and Byrne, 2011) . More recently, the literature on Technological Innovation Systems emphasises a range of 'functions' such systems need to fulfil in order to maximise the chances of successful innovation and diffusion. These functions include the creation and diffusion of new knowledge; the supply of resources such as capital and competences; the creation of positive external economies; the formation of markets and the guidance of the direction of search among users and suppliers of technology (Jacobson and Bergek, 2004) . Economic and institutional frameworks can be enhanced through sound macroeconomic policies and solid institutions, trade openness, regional integration, the government brokerage of TT processes, the support of interest groups associated with the new technology, or the promotion of links between the different actors of the TT process.
Technology demand and supply factors can be enhanced through the so-called demand-pull or technology-push policies (Mowery and Rosenberg, 1979) . Demand-pull policies affect the size of the market for a new technology by raising the payoffs of innovation and deployment (Nemet, 2009) . Some examples of demand-pull policies in the field of climate change include carbon markets, tax credits and rebates for consumers of new technologies, technology mandates, energy efficiency standards, feed-in tariffs, renewable energy portfolios, taxes on competing technologies and government procurement (Nemet, 2009) . The rationale of government intervention is the expectation of cost reductions through a variety of learning processes as the installed capacity increases (Grubb, 2004) .
The most common examples of technology-push policies are government-sponsored R&D, tax credits for companies that invest in R&D, support for education and training, infrastructure development, technological standards and funding demonstration projects (Nemet, 2009) . Positive knowledge spillover externalities and the reduction of uncertainty provide the rationale for government intervention.
Industrial policy can remove barriers of entry and create protected spaces for new indigenous technologies, where learning processes can take place, the price and performance of the technology can be improved and new customer preferences can be formed (Jacobson and Bergek, 2004) . Industrial policy also plays a role in promoting the entry of firms in different parts of the value chain of the new technology so that highly linked low-carbon technological systems can emerge. Some examples of industrial policy are local content requirements and differentiated fiscal and tariff regulations.
The four groups of developing countries highlighted by our analysis require a differentiated emphasis on these types of policies, with some high level recommendations provided below:
• Technology developers. Policies in these countries depend on the specific stage of clean energy technological development of each country, but in general terms they should start with effective demand-pull policies that attract investments in clean technology complemented by technology-push policies that increase the local capacity to use and maintain the technologies and transcend foreign knowledge to create their own endogenous technologies. The results of the regression analysis show that IPR protection is required to protect local developers of renewable energies and to encourage foreign developers to produce in developing countries. Results also show that a pre-existing competitive industry is required. This group can learn from the success stories of India, with leading wind turbine manufacturers, China, with leading wind turbine and solar PV technologies manufacturers, and Malaysia, leaders in biomass energy technologies. Some level of industrial policy could be required to support local infant industries, as has been shown by the experiences of China and India (Lewis 2007; Lewis 2011; Wang, 2010; Zhang et al., 2009) . The large demand size and growth of these countries offer high potential gains for foreign technology providers, which could be willing to accept restrictive industrial policies. These policies should only be temporary or otherwise risk creating uncompetitive industries.
• Technology implementers. Due to their relatively small size and lack of a strong industrial sector, technology implementers should concentrate their policy efforts on a reduced group of technologies to reach affordable costs through economies of scale and learning by doing (Pueyo, 2011) . The decision should take into account the country's sources of competitive advantage, which can come from their renewable energy endowment, accumulated knowledge, infrastructures and existing industrial sectors. Demand-pull policies should be introduced to increase the implementation of clean technologies and improve internal capabilities through learning-by-doing. Technology-push policies can enhance local capabilities and facilitate the emergence of local service providers to renewable energy project developers. Industrial policy can support the creation of value-added by the existing industry and facilitate crosssectoral spillovers for the development of low-carbon technologies. However, these countries have a more narrow scope to implement industrial policy than the group of 'technology developers'. Demonstration projects would contribute to reduce the perceived technical risks of renewable energy projects.
• Countries in need of structural changes. These countries should improve the economic and institutional conditions favourable to private investment. Previous research on barriers to investment in renewable energies in the Middle East and North Africa (MENA) has pointed at the importance of stable and predictable regulations, particularly as regards to long-term power purchase agreements (PPA) and a transparent and efficient bureaucratic state apparatus (Komendantova et al, 2012; Trieb et al, 2011) . Innovative financing schemes such as public-private partnerships and guarantees of the PPA by international insurance entities could reduce the risk for private investors. Countries in this group should also create the appropriate demand signals for clean energy technologies. Demand signals are currently distorted as many of these countries rely on fossil fuel subsidies to provide cheap energy to their population. Removing fossil fuel subsidies or using fossil fuel rents to diversify their electricity generation portfolio could contribute to create a level playing field for renewable energies. The development of local capabilities could start with an improvement of the capabilities to operate and maintain installed technologies, which complemented with other policies and active internal learning may eventually lead to independent innovation.
• Aid recipients. Appropriate capabilities, infrastructures and institutions need to be in place for countries in this group to reap the benefits of renewable energy technology transfer. Clear targets for renewable energy penetration, coordinated energy policies, stable institutional frameworks, reduced bureaucracy or appropriate power purchase agreements (PPA) have been recommended by previous researchers in SubSaharan Africa (Gboney, 2009) . Capacity building programs including government decision makers, industry and local end-users are also essential to create solid foundations for technology transfer. The choice of renewable energies should take into account the existing knowledge in host countries and the potential for locally sourced maintenance and repairs to avoid excessive dependence from foreign suppliers (Barry et al, 2011; Karekezi and Kythioma, 2003; Acker and Kammen, 1996) . Experiences of grassroots innovation or scarcity-induced innovation for the provision of small-scale renewable energy in Least Developed Countries (LDC) have shown that local resources and capabilities, often hidden, scattered, or badly utilized are essential for successful innovation and diffusion processes (Srinivas and Sutz, 2008) . National and international policy should aim at empowering communities to take advantage of this potential. The role of women in particular for the design and dissemination of sustainable home energy technologies is an emerging issue (Köhlin et al, 2011) . For larger scale projects, the The initial demand required for the transfer of renewable energy could be created through finance for demonstration projects. International finance will be essential to create solid foundations for renewable energy technology transfer.
General policy recommendations are provided at the national level, but we are aware that significant differences exist at the sub-national level. Hence, the recommended policies for 'aid recipients' could be applicable to regions inside countries in other groups which suffer from a lack of access to modern energy sources for the poor. The lack of available data about enabling factors for technology transfer at the regional level in most developing countries has prevented a sub-national analysis.
Conclusions
This paper has followed a quantitative approach to identify the factors that enable clean energy technology transfer to developing countries. It has subsequently classified developing countries according to their performance in these enabling factors and suggested policy priorities for each of the resulting groups. The results of the analysis could be used to inform the definition of priorities by international funders of technological actions in developing countries. This approach could be particularly used by the Technology Mechanism of the UNFCCC, in line with its manifested 'country-driven approach'. Indeed, this research has already been presented to the Technology Executive Committee in September 2012.
The paper provides a wide perspective about the performance of a large number of developing countries as regards enabling frameworks for renewable energy technology. This is an important contribution to the existing body of literature that usually focuses on a few developing countries, mainly China, India and Brazil. The proposed methodology to group developing countries according to their performance in enabling factors for TT is also an important contribution to the existing body of literature on technology transfer, which is mainly qualitative.
Our approach has of course some limitations which invite to further research in the area. Firstly, we could only use a limited number of indicators of renewable energy technology transfer, due to data unavailability. Some additional indicators such as patent data or renewable energy foreign direct investment could also be used to explore relationships between technology transfer and enabling frameworks. Secondly, our analysis is static, but dynamic relationships could be analysed to explore the impact of policy actions on enabling conditions and subsequently flows of technology transfer. Third, we provide only high level policy recommendations for the four groups of developing countries. More detailed policy recommendations for each of the groups could be provided on the basis of a qualitative, country-level review of what has and has not worked in several countries of each group. Finally, our analysis is made at the national level, but we are aware that there are significant regional differences in the enabling conditions for technology transfer. A country by country analysis of regional performance would be required, due to the unavailability of regional data for our selected indicators of enabling environments. Carbon dioxide emissions are those stemming from the burning of fossil fuels and the manufacture of cement. They include carbon dioxide produced during consumption of solid, liquid, and gas fuels and gas flaring. PDIES Fuel prices refer to the pump prices of the most widely sold grade of diesel fuel. Prices have been converted from the local currency to U.S. The differentiation is made because we only count on imports data for wind, hydro and solar technologies and it may be useful to count on the specific potential of these sources to find relationships between the variables. 
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